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[ Abstract ] Lung cancer (LC) is the most common cancer and the leading cause of cancer-related death worldwide.
The S-year survival rate for LC remains low at 18% and is 5% for patients with metastatic disease, while the S-year overall sur-
vival rate of patients with stage I NSCLC can reach 77.9%, hence early diagnosis and treatment of LC is the key to improve the
prognosis. As a non-invasive detection technique, Raman spectroscopy can realize the non-destructive detection of the differ-
ences in molecular level structure between cancerous tissues and normal tissues, which can be used for the early diagnosis of
lung cancer. The aim of this review is to summarize the progress of Raman spectroscopycombined with different tissue or body
fluid samplesin the diagnosis of early LC.

[ Keywords ] Lung neoplasms; Early diagnosis; Raman spectroscopy

Jit e A2 E AT T S0 BT i 38 RN BB T 48 B e TR
iR, 42 BRAE B R IR R 291825 TN, BET-16007 AW,
T F A 98 7 & B e T N 4335 S 278.1 75 F162.6
TR B i g R S AR AR A R A 18 %, PR A AL
TR B N Ry 96T 5 LI PR, 30 i 9 22 TG W Y ek PR
KI, ZHEEE LI E =, 5 iR T I
ML, WG A A 0F5T R ALY E /NI IE % (non-small
cell lung cancer, NSCLC) filifi £ & S4E A A7 ] (overall
survival, OS) FEiA#73.5%-77.9%, SAETCHAALE (disease-
free survival, DFS) #465.5%-72.7%4, [Kitt, St 12 W
DO T (RO R (S R S (397 R T e o | o 8

B I R 5 - 300 i 98 12 W 7 ok A0 6 I ek 0 R
YL WXL . BRI A ALWTE 94 (computed
tomography, CT) | ZF4E U . SV A 515 TR

YEB AL 100053 b 5t, EHSERMIR 2T R ER IR CRIAVES
K%, E-mail: steven9130@sina.com )

T AGLA | 228 B il 2 S0 A6 25, 1R JU1 i 12 W D7 T 4 2K
T ARG IR PR A, (H 82 s AERIURREE 22 | R R
R AR L SR L AR SE I PR AT 5T — b B
5 RESRER  TOB TR ARSI AR S B A
BRI S o PSR L AN —Fp R AR
PR B A, BA UL L e S A DA SRR
A, TEREAEIZ W5 TR B 1 R 4 A8 I PR FH AT . AR 3C
A 3t A2 > SCHIR, R 8 A N AR A E i 2 W TP 1o
MR —L5k

1 RS REEME AR RIE

P R R T 19284F EP Y HE A 5 Raman 55 4
B, SETTEr TR — ML 205k, e TS 1
ez 4 SGR G, AT SE B AE D) 73 1 I e . e
SEEAE ARSI 7 T, 8 T AR 25 98 A DGR B N
TIRRAAL, AR LR N, e @ e sHE T,

000000
www.lungca.org



o il g s R 20184E7 A 21 5 5 7

Chin J Lung Cancer, July 2018, Vol.21, No.7 * 561

D14 S VDivs e v/ e A NS G B BN A e A S T
HARINLZOETE, AT BILRE S B H ZU 22 (5 B AR iR
T, PR 2GSRI RE SRS AE 1Y L2 W, kT
RN,

SR, WA KA eIk R s, B 2000
T, REUEAR, DTS2 B RER G . R mig i
SN ( surface enhanced raman spectroscopy, SERS ) [ #
figp R T IX AN RN SERS I i M8 75 < 4 K 25 K e i
o5 R AR I R A ) A S SR AR AR I |
A7 & UM SR B SR LG, R— PR R A R 2 A5
TREMEIAR . SERSEAMLOAETHIGRILNT, — BSERSHY
SR K V- E 2 S 108, AFRAEGH KA 1 1] B o2 5 11
IREIRALAN R, SR AR AT A F 101, SR H HifSERS
SRR ENER S, LI B 20 G 22 S st 2 el P e 245
S ARAR RS, I AT JC AR A P A0 B 8 v ) 1
SR, AANIE TS PRRE SR IR F AR 89 AT
H, LRATHEAT T REHRRIIIE, WIF LA R 58 2
JrgLos100 | T HY SR AN ARAB M R 1, I A Rl By v
SRS B ROR D SR I T S BRI R A
T RAAE - f 2 HU ORISR . WA LSRR ROt
BORG NBEEE SRR EA T S BRI A, AR B
HERYOR e B RS R WL S A I AR AT
SEELXT IR SR A E DT E SR RS ED)
SEREAE A IS T o (ERAR I B E M S S A | R
Yy isiab BT eSS A5 R | ARG A B — S (R AT oR A 2]
AR, B TR S R, AN R ORI A
Fe, O REA IR R e BV

TR0 W B 0 T S O I A I B2 R (Tiquid core
waveguide enhanced raman spectroscopy, LOWERS) /& i:f
EOCTE A/ e T A8 ST TP 0 4 S A, i HG i i
B A ROERR IR TP B LTI, DT 25 2
P DR G I R B AR DI AR B . LOWERS I —Ffli
e 3R, BE S B R RE Al FPAS [R5 ) [ AR AR
I, B RN AR TR ) ASERS, fH AR E M
FSERS. LIRSS EHTLETE & A (Teflon AF2400) il
U T8 BB LOWERSIA B 10° 5 2R 7 2 0L i 17 57
K, REUEFS/NAL A 20, JEHE T K s
SRRV DN, {EL 3 A AR D BEAE I AL BB <
MG T, SR ACR 252 B B, HET R A
MZER L, XSERAELIIFE T 7R LOWERS, AlHf
Teflon AR TH L4 FHI% U Teflon AR RERH, kS0
XFLOWERSTHE 57" A 52, % AR TR T+ i 592 8L

10015 AL i Fa et
2 P2 NIER MRS WG

2.1 A E R AR S W R s I T
BR A 22 i A S AR S OGS A i 98 MR 55w 21
LU AT AT, 15 A ZH 200 3 IR TE W A R % g 5
TR I 22 5. OIEF L8 191,392 /cmift i
M C-HAR AR BN TE RS LH AU ) = P RS 311296 /em;
@1,523/cmI§IEHE MR C=CIR S TEAEAE 41 LGRS
Hh ] RS 5243 /em; TE TEH 2 211,610/cm b1 7
PR 3 I I8 5 1, 526 /cm A T HT (R BE, T 7RI AR 4 2
HHOU) TE S AR B o FRPAZH 20 M i A2 i R b TEAR B | A 42
Fvgce B A TR, S RIZ0T R AR R T R Y K A
R JRRRAR B At AR5 1) R I A o R AP RIS
McGregor 55U BA T e 1R S5 iof PR Bz &2 01 3 Ao I %
G U T Fe S 00 ¥ oA A i 2 A, B AL AG: DN 1) 47
FLEN1 sLANES, 258 AMSOL SR B+ DG SOV Bt
AR, X JE A A L AT DX A TR 2Ok A, S
LRI T80l A r280 51 ZH 2L (L4 72491 /=g B S5 AU A%
OB R AU 2080 R SOEFZHEY) | 45251 W HXS
e S R AR A 8 A D B S RS (90% ) Al
TRUFRYFFFIE (65%) , Rl PR HER . Weng 554 R FIAH T
STHE 5 - P = WU R AR 25 G TR B2 2D A W 5 it 11
FBSE M2 W, U ES . /N R s . i A B 98 it 2
LAY HERR L REIA 51189.29% . SR TZH ZUREAS B AR HRE 5
BUAS T, SERF R 20T BORERAER e HAI R, HoR
WAL, AT B T LAFZ S8 LA A2 Wit AR e
AT

2.2 MR M DL L 2 DG AG: D32 W it s )
IR NI 3,000F 0 L A LA (volatile
organic compounds, VOCS) , ] fgA By -5 iz ez e+,
AWFFE LRI S Z A VO CSAIYE it AH G 2E W)
P&, A B T2 W, Zhang SR IS TRIASCIRER 44
K AR B R TGRSR, R IR Es RO IS
A FAEIEARIA 1 SN I TR], 38 52 548 SRR AN K A 4
PR B TG AR ET 23 1R S R e 1SR A I
7, BEBUZHAH AR ERE 7 1, IS AL FK 1A
W 3277 %o s A b i A I R R AN 2 1 FE Y 52
U o W YA SO T SN 28 N e B B2 B g T = M S
TRKIWE T 1o ZBIBAIBIFFE TR L T ZIE-8TR)2 1Y 4 HURL
FH AR R TR S OGBS, KPR

000000
www.lungca.org



+ 562 - o [ i 2 520 184E 7 T A2 1 8 45 7 0

Chin J Lung Cancer, July 2018, Vol.21, No.7

REIR 1004253 %K, WoR T HAE R Bt g (R M2 Ky
TR R 40 AT 560 VO CSHL O GiE I Joay) | P, 76
i W IR T R AP T, (H BRI RSO A 85
KAWL, AR D, (AT — 2P IR 1]

2.3 MR LG AW R A I STk e M
AR GRAEA S B B I T, 7 Xt 2 A
TSI 18, 2R 08 45 R FH LU S BE IR SER S
S5 B AL B G SR I i s B A B A el VR
APESGRE, LLE R (principle components analysis,
PCA) FIZAE AN o3 B i Edls 4 X oy, 458 BoR
A HEZE 81 it 2 B 1 BT A IR 1% ek AR T B, A s
I Tea 24 L P 2 Y A, 3 B A I R B 1 B AR X T Y
TR, FE MR AR SRR B LT DL B SRR B, 5
Jiti 8 A MR . SR ARE VR S 0 Il RE TR 31849 . 9491
81%, 7~ I HEVESERSIH T2 Willtifia 17 77, {H /2 SERSHK:
DH A BARE S B I EA R R T R R, LinfFlR
FHEE TR G s A AKAE B Fr i 5 X SO R
537 it 9 RE A IV RN MRRRE AR , 38 2ok X R iU R B 5
3T i SR 98 5 AR N MR b 2 1 S5 0 - A A A%
Ry FRE R B it I ANIR], ST B SV MASERYFIRE AL AR
ARSI F 1 Al 98 ) SR ABORE | e S« YA BE 53531 1009
94.44% , 98.3%F1100% . 88.8% . 97.4% . MEVRFEAFKIUIT(E
SETot, HAEM TS RBD 1 etk . R S
JE, AHURIZ R I R G L R R B s H A P B R AN
B, AN[EHEUGE R R 22 S8R, R M S s i 22
HMERAEA 5 32T, ATRE 45 R w7

2.4 PRI ISR IITE N2 W TR R 2k e PRI
T & R 293,000F0 85 15T, & —FP AR A9 25 F1 BRI IR
AW FRICPIIE FEAEAR O, NiuSFBUSR B AU 6%/ g
XF PRIBREASHA TG 2250 H, R BRI 338
i, Hor o 7R BE A R s IR, LR ILITE . LR | 3-8 0
TR IR ATIERR /SR MR, bR 1A% H IR AE i i
N RS, Hodr 6 o 7 i 95 2 K- 347 v T A i A
e . WA KRR GM2AP (GM2-activator
protein) B2 I HH 1 AR (1Y JLFRAZ 1 FIN- LB pR 22 2
MR B4 B M A B9ISE Slia A  DIDC &R, A B T 3 il
T2 W BRI T 5E 2 T00) . WO 5, IRACEH A= b
AR TC R PRI A T E il i 09 5 12 W B A Vs A
S A LB o 4 WA e 114) < Tt A A ok 92 &4 e v ) B
AT FH I U R R ) A I, B A PR P v
JEARAIG, — M7 WX LU, A0 58 7R L T4 2R
FEALSE Y 42 JB FL IS I SER SAG I A AT, A S 30 Xop it 98 £ %

PRUGEA R 2Tk 4 Mot Fee () A, AW RIS Tk 2 ik 311
ng/mL, HEATEAMR Pt i g5, A28 5k i R 1
s 2 W B BeAh, BRI T RE & —Fh R hE AHOCE Wb
AW NI A —Fh G BT R B R AR R T, X
Y B A E 0 TR, MR e RN 4
B, AR ZFRZAT, 18 T BT, Yang 55 U2 i & B AR
W S AR GRS ORI Fe, O, /Au/Ag R S A bR}, FFA
G B AR T SRR S OGRS £ A AR A
PRGFEA TR FE7KCE R IR AT, 35 £1x101° mol /LK FE (1)
KA, A RS SRty Fisb B a7 en | Al
FEPREFOE A, AT LA R R 7 il o (H 2 PR PR 2877 318
X AR A I A ™ B T, R AU I R i ) LB PR R
%, W™ E T IR SERSTE 5 X EEHF 58 IESE T IR
VL2 A U2 W it i ) LSBT A5, A R
I PR o (H2: PRI R AR DG A= b s i A 2t S 5 1
S TEIE PR IABRE, IR S B REA L 551 T4
T ARAT BN R, AR SR IIE AR AL, FaEtE & &
PR 2 1l AT 2 BRI RT3 I FH AL

2.5 HAWFESPLSOCIEA IS WG T8 U Ye 50
FFHEE microRNAPRIVE Nl b S oS, AT
FETIEIRFEEY B % (EXPAR) ISERS 712, A [R5
W4 HR ) 22 FmicroRNA , JBE M 1 B[R] JR A microRN A
Xt HbrmicroRNA, TEIG AR F A e 2 Wb AT 1R K
BN FHTE F1 0 Park FE O] HISER S5 % NSCLC M i Al IE
It ZH 20 M R R SN I AHEA ARSI S04, 15 A S R
WIS W, 45 6P C A 5l il 200 JE R Y5 47 Il K 1 Uk
PRSP S BE 1A $095.3% F197.3% (95%CT) , JIESE T 3
TPCARYSERSTCANA I 7 74T SEHLH HINSCLCLH 2L 4l ifd
UGN, DT AT RE SIS il i (1 PR A2 W I 4k
KT microRNAFIS MR SELE il 12 W 77 T P A FE A K an
5, A5 S ARG G2 Wit s AR D, 43R0
PR TR B

PER—FAR R AMERNE A, Fr 2 EREINE AR S W
T AT R A B PR 2 R Bk e Y
Poaio PLECRAT I AR B K & HHT A 5, 4 AR 418
AN B AR A O RIT ST, AT S Bt A TR I 2 T B
0, A PRS2 Wy T A3 R Al R TR
WS ARG RE T S BB B SRR e e B S v P o
SOCERIEA, FEEARTT S TR 205 S iR

000000
www.lungca.org



i [ il g 2% 20 184F7 H 214 55 71 Chin J Lung Cancer, July 2018, Vol.21, No.7 + 563 ¢

Wiy, 55N L SO TR A ST AL BT vk, 2t IS B Al
8 4 1) 22 T B B e ORI 5 i BT T AR o 2 5%
IR 751 FARBEE AR O TERITRA R S, 72 C i
FOARTE i PRAT I 712 Pl 14 SN e 22V

2 F X #

1 Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA
Cancer J Clin, 2015, 65(2): 87-108. doi: 10.3322/caac.21262

2 Chen WQ, Sun KX, Zheng RS, et al. Report of cancer incidence and
mortality in differentareas of China, 2014. Zhongguo Zhong Liu, 2018,
27(1): 1-14. [FRJTH, INATR, KRR AT, S5, 201448 i IE 23 b DB
W98 2 FAET M. E R, 2017, 27(1): 1-14.] doi: 10.1173S/
j-issn.1004-0242.2018.01.A001

3 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin,
2018. doi: 10.3322/caac.21442

4 Yang HX, Woo KM, Sima CS, et al. Long-term survival based on the
surgical approach to lobectomy for clinical stage I nonsmall cell lung
cancer: comparison of robotic, video-assisted thoracic surgery, and
thoracotomy lobectomy. Ann Surg, 2017, 265(2): 431-437. doi: 10.1097/
SLA.0000000000001708

S Raman CV, Krishnan KS. A new type of secondary radiation. Nature,
1928, 121(3048): 501-502. doi: 10.1038/121501c0

6  Dong QM, Yang YM, Liang P, et al. Research on the substrates of
surface enhanced Raman scattering (SERS) and their applications to
biomedicine and environmental analysis. Guang Pu Xue Yu Guang Pu
Fen Xi,2013,33(6): 1547-1552. [HL AT RS, Wk, BR57%, 45, AR P
S (SERS) R RAYATIE B i H. SB35 50615 404, 2013, 33(6):
1547-1552.] doi: 10.3964/j.issn.1000-0593(2013)06-1547-06

7  Panneerselvam R, Liu GK, Wang YH, et al. Surface-enhanced Raman
spectroscopy: bottlenecks and future directions. Chem Commun
(Camb), 2017, 54(1): 10-25. doi: 10.1039/c7cc03979¢

8 Zhang Z, Yu W, Wang J, et al. Ultrasensitive surface-enhanced raman
scattering sensor of gaseous aldehydes as biomarkers of lung cancer on
dendritic Ag nanocrystals. Anal Chem, 2017, 89(3): 1416-1420. doi:
10.1021/acs.analchem.6b05117

9  QiaoX, SuB, Liu C, et al. Selective surface enhanced raman scattering for
quantitative detection of lung cancer biomarkers in superparticle@MOF
structure. Adv Mater, 2018, 30(5). doi: 10.1002/adma.201702275

10  Tong T, Zhao YY, Fu YL, et al. Special surface enhanced raman scattering
on lung cancertissues based on Au/Cu nanorods substrate. Gao Deng
Xue Xiao Hua Xue Xue Bao, 2017, 38(9): 1536-1541. [{&1#, BXFELE, £
SO, 45, DL Au/Cuf K AR A E IS 1 AR RR 2 SRR AR R g i i
FETEWFFT. B AL F 4R, 2017, 38(9): 1536-1541.] doi: 10.7503/
cjcu20170233

11 Liu W, Man Z, Hua L, et al. Data mining methods of lung cancer
diagnosis by saliva tests using surface enhanced Raman spectroscopy:
International Conference on Biomedical Engineering and Informatics,

2015. doi: 10.1109/BMEI.2014.7002849

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Yang T, Guo X, Wu Y, et al. Facile and label-free detection of lung cancer
biomarker in urine by magnetically assisted surface-enhanced Raman
scattering. ACS Appl Mater Interfaces, 2014, 6(23): 20985-20993. doi:
10.1021/am5057536

Lu SY, Wang SG, Liu W], et al. Raman spectroscopy in ovarian cancer
diagnostics. Guang Pu Xue Yu Guang Pu Fen Xi, 2017, 37(6): 1784-1788.
UREZHT, BB, XISCHE, 45 S TRt a2 Wk 7e. ik
25655341, 2017, 37(6): 1784-1788.] doi: 10.3964/j.issn.1000-0593
(2017) 06-1784-05

Weng S, Xu X, Li J, et al. Combining deep learning and coherent anti-
stokes Raman scattering imaging for automated differential diagnosis
of lung cancer. J Biomed Opt, 2017, 22(10): 1-10. doi: 10.1117/1.
JBO.22.10.106017

Wang W, Zhao J, Short M, et al. Real-time in vivo cancer diagnosis using
Raman spectroscopy. ] Biophotonics, 2015, 8(7): 527-54S. doi: 10.1002/
jbi0.201400026

McGregor HC, Short MA, McWilliams A, et al. Real-time endoscopic
Raman spectroscopy for in vivo early lung cancer detection. J
Biophotonics, 2017, 10(1): 98-110. doi: 10.1002/jbio.201500204

Li§S, Chen G, Zhang Y, et al. Identification and characterization of
colorectal cancer using Raman spectroscopy and feature selection
techniques. Opt Express, 2014, 22(21): 25895-25908. doi: 10.1364/
OE.22.02589S

Lyng FM, Traynor D, Ramos IR, et al. Raman spectroscopy for screening
and diagnosis of cervical cancer. Anal Bioanal Chem, 2015, 407(27):
8279-8289. doi: 10.1007/s00216-015-8946-1

Kast RE, Tucker SC, Killian K, et al. Emerging technology: applications
of Raman spectroscopy for prostate cancer. Cancer Metastasis Rev, 2014,
33(2-3): 673-693. doi: 10.1007/s10555-013-9489-6

Gu HM, Xing D. Raman spectra by use of liquid core optical fibers and its
development. Liang Zi Dian Zi Xue Bao, 2003, 20(4): 391-398. [A 1%
RIS B AR SO TG I T PR SR FE BE RS 1T T
2247,2003,20(4): 391-398.] doi: 10.3969/j.issn.1007-5461.2003.04.002
Liu JX, Zhou J, Lu D. Negative pressure liquid inlet device based on
liquid corewaveguide: CN10415459.3.2013-12-18. [XIZ£Jik, J&I%%, B A48
T 45 B0 7R PR R 1 I, 10415459.3.2013-12-18 ]
Tang WY, Liu WH, Sun LM, et al. Analysis of co-focus laser Raman spectrums
of lung cancer. Ji Guang Za Zhi, 2007, 28(3): 91. [FEFRIER, Xk, Phe
W1, 4. iR VR i &0 . WOt 2R, 2007, 28(3): 91.] doi:
10.3969/j.issn.0253-2743.2007.03.056

Short MA, Lam S, Mcwilliams A, et al. Development and preliminary
results of an endoscopic Raman probe for potential in vivo diagnosis
of lung cancers. Optics Lett, 2008, 33(7): 711-713. doi: 10.1364/
OL.33.000711

Kanodra NM, Silvestri GA, Tanner NT. Screening and early detection
efforts in lung cancer. Cancer, 2015, 121(9): 1347-1356. doi: 10.1002/
cncr.29222

Phillips M, Gleeson K, Hughes JM, et al. Volatile organic compounds in

breath as markers of lung cancer: a cross-sectional study. Lancet, 1999,

000000
www.lungca.org



<564+

26

27

28

29

30

31

32

o [ il 2 a5 20184F7 H 21 55 71 Chin J Lung Cancer, July 2018, Vol.21, No.7
353(9168): 1930-1933. doi: 10.1016/S0140-6736(98)07552-7 34 Mathe EA, Patterson AD, Haznadar M, et al. Noninvasive urinary

Phillips M, Altorki N, Austin JH, et al. Detection of lung cancer using
weighted digital analysis of breath biomarkers. Clin Chim Acta, 2008,
393(2): 76-84. doi: 10.1016/j.cca.2008.02.021

Wang Y, Hu Y, Wang D, et al. The analysis of volatile organic compounds
biomarkers for lung cancer in exhaled breath, tissues and cell lines.
Cancer Biomark, 2012, 11(4): 129-137. doi: 10.3233/CBM-2012-00270
Rathnayake N, Akerman S, Klinge B, et al. Salivary biomarkers for
detection of systemic diseases. PLoS One, 2013, 8(4): e61356. doi:
10.1371/journal.pone.0061356

Li XZ, Yang TY, Ding JH. Surface enhanced Raman spectroscopy
(SERS) of Saliva for the diagnosis of lung cancer. Guang San She Xue
Bao, 2012, 32(2): 391-393. [ZEHE S}, R H, T @AE. MEWCATTH T
PLEOEIE T I A2 7. SR i, 2012, 32(2): 391-393.] doi:
10.3964/j.issn.1000-0593(2012)02-0391-03

Husi H, Fearon KC, Ross JA. Can a simple proteomics urine test assist in
the early diagnosis of early-stage cancer? Expert Rev Proteomics, 2011,
8(5): 555-557. doi: 10.1586/epr.11.52

Niu Y], Jiang YL, Xu CJ, et al. Preliminary results of metabolite in serum
and urine of lung cancer patients detected by metabolomics. Zhongguo
Fei Ai Za Zhi, 2012, 15(4): 195-201. [2F 35, TTARES, VKT, 45 1C
A5 W ST T SR L AR N3 TR WA AT L.
i dads, 2012, 15(4): 195-201.] doi: 10.3779/j.issn.1009-3419.2012.
04.01

Potprommanee L, Ma HT, Shank L, et al. GM2-activator protein: a new
biomarker for lung cancer. ] Thorac Oncol, 2015, 10(1): 102-109. doi:
10.1097/JT0.0000000000000357

Zhang H, Cao J, LiL, et al. Identification of urine protein biomarkers with
the potential for early detection of lung cancer. Sci Rep, 2015, 25: 11805.
doi: 10.1038/srep11805

560-564.] doi: 10.3779/j.issn.1009-3419.2018.07.10

3$

36

37

38

39

40

metabolomic profiling identifies diagnostic and prognostic
markers in lung cancer. Cancer Res, 2014, 74(12): 3259-3270. doi:
10.1158/0008-5472.CAN-14-0109

Seidel A, Seidel P, Manuwald O, et al. Modified nucleosides as biomarkers
for early cancer diagnose in exposed populations. Environ Toxicol, 2015,
30(8): 956-967. doi: 10.1002/tox.21970

Haznadar M, Cai Q, Krausz KW, et al. Urinary metabolite risk
biomarkers of lung cancer: A prospective cohort study. Cancer Epidemiol
Biomarkers Prev, 2016, 25(6): 978-986. doi: 10.1158/1055-9965

Cao G, Hajisalem G, Li W, et al. Quantification of an exogenous cancer
biomarker in urinalysis by Raman spectroscopy. Analyst, 2014, 139(21):
5375-5378. doi: 10.1039/c4an01309¢

Ye LP, Hu J, Liang L, et al. Surface-enhanced Raman spectroscopy for
simultaneous sensitive detection of multiple microRNAs in lung cancer
cells. Chem Commun (Camb), 2014, 50(80): 11883-11886. doi: 10.1039/
c4cc05598e

Vosa U, Vooder T, Kolde R, et al. Meta-analysis of microRNA expression
in lung cancer. Int J Cancer, 2013, 132(12): 2884-2893. doi: 10.1002/
ijc.27981

Park J, Hwang M, Choi B, et al. Exosome classification by pattern
analysis of surface-enhanced Raman spectroscopy data for lung cancer
diagnosis. Anal Chem, 2017, 89(12): 6695-6701. doi: 10.1021/acs.
analchem.7b00911

(Wcks: 2018-01-12 & [H]: 2018-02-06 3557 2018-02-10)
(AR L)

E Cite this article as: Tian XR, Zhang Y. Research Progress of Raman Spectroscopy in the Diagnosis of Early Lung Cancer. Zhongguo Fei Ai
Za Zhi, 2018, 21(7): 560-564. [ FIZEAN, 5KEL. Fr oG NHARAE RIS WO I HFFEIE . P E i, 2018, 21(7):

000000
www.lungca.org





